Stem cells have a specialized microenvironment for maintaining self-renewal and multipotent capacities. It is believed that a cornea epithelial stem cell niche exists in the limbus. To characterize the niche of limbal epithelial stem cells, we observed the limbal basal epithelial layer by histological analysis.
For adhesion aassays, isolated limbal cell culsters from the limbus were treated with accutase (Innovative Cell Technologies, Inc., San Diego, CA) for 10 minutes at 37°C.
Single sells were resuspended in HBSS with 0.9 mM Ca 2+ or 0.02% EDTA solution and incubated for 15 minutes at room temperature. For the analysis of cell size and N/C ratio of N-cad positive cells (figure 3 B-D), epithelial sheets were isolated with dispase as described previously (Espana et al., 2003) and then treated with trypsin-ethylenediaminetetracetic acid (EDTA) for 10 min to suspend cells. Dispase was used so that niche cells were not included for this assay. Cells were prepared for cytospin immunocytochemistry using Auto-Smear CF-12D (Sakura Finetec).
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Frozen sections and cytospin slides were fixed for 10 min in 2% paraformaldehyde (Wako) and then permealized with 0.1% Triton-X100 (Sigma, St Louis, MO) for 5 min at room temperature. Frozen sections and slides were blocked by incubation with 3% normal donkey serum (Chemicon Int. Inc., Temecula, CA), 1% bovine serum albumin (Sigma) and 0.3% Triton-X100 (Sigma, St Louis, MO) for permealization of cell membrane for 1 hour at RT. Antibodies to N-cad (1:50), vimentin (1:100), MART-1
(1:50), CD31 (1:50), podoplanin (1:50), K15 (1:100), p63 (1: 50), AQP1 (1:50), collagen type IV (1:400) and laminin 3 (1:50) were applied for 90 min at RT, followed by incubation with FITC-and/or alexa488-, rhodamine-and/or Cy3-conjugated secondary antibody. Primary antibodies were substituted with isotype antibody as negative controls. After 3 washes with TBST (0.825 mM Tris, 136.9 mM NaCl, 1.34 mM KCl, 0.1 % Tween 20(Sigma)), the sections were incubated with 1µg/ml 4', 6-diamidino-2-phenylindole (DAPI; Dojindo Laboratories, Tokyo, Japan) at RT for 5 min. Finally, sections were washed three times in TBST and coverslipped using an aqueous mounting medium containing an anti-fading agent (Fluoromount/Plus, Diagnostic Biosystems, Pleasanton, CA). Images were observed using a florescence microscope (Axioplan2 imaging, Carl Zeiss Inc., Thornwood, NY) and a laser scanning 
Electron microscopy
Limbal tissue specimens were fixed in 4% paraformaldehyde and 0.1% glutaraldehyde in 60mM HEPES buffer (pH 7.4) for 1 to 2 hours at 4°C. Specimens were dehydrated serially to 70% ethanol at -20°C and embedded in resin (LRWhite; London Resin Co., Basingstoke, UK). Ultra-thin specimens were then sectioned using a microtome (LKB;
Gaithersburg, MD) with a diamond knife. Sections in the range of gray to silver were collected on 150-mesh nickel grids, stained with uranyl acetate. Elastin of the basement membrane component was stained with tannic acid-uranil acetate solution, and superimposed lead citrate. These sections were examined under an electron microscope (model 1200 EXII; JEOL, Tokyo, Japan).
Statistical analysis
The significance of differences between groups was determined by Student's t-test , 1997) . Therefore, we performed immunohystochemistry of bone marrow derived cells in the limbus using CD11c as a dendritic cell marker and CD45 as a hematopoietic marker (Ito et al., 1999; Thomas, Shackelford, Ralph, & Trowbridge, 1987) . Although immune cell infiltration was observed in the limbal stroma and epithelium as well as in surrounding blood vessels, they were not associated with basal epithelial cells (data not shown).
Basement membrane components in N-cad+ cluster cells and AQP1+ cells
To observe the expression of basement membrane (BM) components following collagenase digesion, we performed immunocytochemistry of collagen type IV (Coll IV) and Laminin 3, which are widely distributed in the corneal and limbal BM (Kabosova et al., 2007) . The preservation of BM components was confirmed by positive staining of Coll IV and laminin 3 both on the surface of N-cad+ cluster cells and adjacent to AQP1+ cells after collagenase treatment (Fig. 5) .
Basal epithelial cells form direct cell adhesions with stromal cells
In order to observe for any direct interaction between basal epithelial cells and stromal cells, we performed transmission electron microscopy of human limbal tissue.
Observation of numerous sections revealed that occasional direct cell adhesions exist between basal epithelial cells (Lbc) and stromal cells (Stc) through stalk-like processes 13 Corneal limbal niche cells K. Higa (Fig. 6A-C) . Elastin staining emphasized the cell-to-cell interaction penetrating the basement membrane (Fig. 6D) .
AQP1+ stromal cells bind N-cad+ epithelial cells
Cytospin samples of dissociated limbal cells were examined by immunocytochemistry in order to identify cells that were adherent with basal epithelial cells. A mild digestion protocol was used in order to minimize cell dissociation during processing. Cytospin samples showed direct adhesion of N-cad+, K15+ basal epithelial cells with AQP1+ stromal cells (Fig. 7A, B ), but not with MART-1+ melanocytes ( (Fig. 7E, F) . Coll IV and laminin3 were occasionally expressed on AQP1+ cells (Fig. 7G, H ).
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Discussion
In this study, we showed that large dendritic AQP1 + stromal cells exist beneath N-cad Chen, et al., 2011; Li et al., 2007) . Although we also isolated limbal epithelial cells with stromal cells using different collagenase conditions, basement membrane components were still maintained after both collagenase and accutase digesions (Fig 5 and 7) . We used accutase for adhesion assays since it is milder than trypsin for preserving cadherin, and because we failed to isolate the large AQP1+ cells using trypsin (data not shown).
Due to the slight difference in isolation protocol, there is the possibility that the cells we isolated were a completely different cell type that support limbal basal progenitor cells. scanning confocal images and electron microscopy ( Fig. 4E-H, Fig. 6B-D) . In the bone marrow HSC niche, N-cad and β-catenin are asymmetrically localized between SNO cells and long-term HSCs (Zhang, et al., 2003) . These 
